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@ Acthrartlon mechanism for an optical switch. 



(§) An activation mechanism for an opGcal 
switch is disclosed. The mechanism is particu- 
lariy suited for use with switches requin'ng the 
movement of a reflecting element into and out 
of an optical signal path to provide switching. 
The mechanism consists of a reflecting element 
(ag., minor) and a n^eans (e.g., magnetic, 
electro^tic, vacuum) for moving the refiecfing 
element into and out of the optica! ^gnal path. 
In the absence of any applied signal, the reflect- 
ing element \s positioned to intercept an optical 
signal and redirect It Into the chosen output 
signal path. Upon the application of an external 
signal, the moving means vnD create a force of a 
strength suffrdent to move the mirror and allow, 
the c^ticai s^nal to pass through tiie switch 
unobstructed by the reflecting element 
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The present invention relates to an activation 
mechanism for an optical swtch. 

In evolving optical communication networks, the 
need often arises to switch an optica! signal from one 
path to another. For example. In a network which con- 
sists of a number of communication nodes connected 
sequentially to form a ring, it may be required to tem- 
poranly remove one or more nodes Irom the netwoik. 
Therefore, the optical waveguides (e.g., fibers) Inter- 
connecting the network must t>e able to "switch* the 
node(s) from an active (transmit/receh^) state to a 
passive (bypass) state. Many arrangements exist in 
the art for providing this type of switching. The 
arrangements may be generally classified Into two 
groups: (1) moving beam switches (arrangements 
which redirect the optical signal path between station- 
ary waveguides); and (2) moving fiber switches 
(designs which use an external force to physically 
change the location of optical fibers entering and exit- 
ing tiie node). The activation mechanism of the pre- 
sent Invention is utilized with switches of the fomner 
design. 

An exeiiv)lary optical fiber switch utSizIng a mov^ 
ing mirror to perform the switching functbn is dis- 
closed in U.S. Patent 4,580,873, issued to 
F.H.Levinson on April 8, 1986. In the Levinson mabrix 
switch, a plurality of mirrors are positioned at the 
crosspoints of ttie input and output nodes. As dis- 
closed, a sOfcon switch substrate is etched to Include 
regions at each crosspoint for holding a rotatable mir- 
ror assembly. The application of an electrical signal to 
indivldua] mirror elements perfbnns the switching 
fiinctiorL Aitiiough such a switching arrangement may 
be practical for large array applications, tiie details of 
the silicon substrate fabrication process become 
increasingly time-consuming and expensive for single 
switch applications. 

A remaining need in these and other existing sys- 
tems is the ability to reduce tiie overall size, cost, 
manufacturabOi^ and power consumption of the 
switch. 

Summary of the Invention 

The need remaining in the prior art Is addressed 
by the present invention which relates to an activation 
mechanism for an optical switch and, more particu- 
lariy, to means for moving a reflecting element Into or 
out of an optical signal patii between waveguides so 
as to provide switching of optical signals betuveen 
pairs of waveguides. 

In general, tiie present invention relates to an 
activation mechanism comprising a reflecting element 
which, in a first position, redirects optical signals be- 
tween pairs of optk:al waveguides. In a second posi- 
tion, the reflecting element Is removed from the signal 
patii so that the optical s^nals may pass through the 
switch unol>stnicted. The activation mechanism 



includes moving means located in dose proximity to 
tiie reflecting element fen* providing a force (ag., 
electrostatic, magnetic, vacuum) capable of moving 
tiie reflecting element towards the moving means and 

6 out of the optical s^nal path. For optical bypass 
switch applications, as wiQ be discussed In detail 
below, the "first position" of the reflecting elements is 
usually used as the bypass state of the switch, and tiie 
"Second position' is used as tiie active state of tiie 

10 switch. 

In accordance with a particular embodiment of the 
present invention, an electromagnetic device is 
utaized as the moving means and Is positioned in 
dose proxMty to the reflecting element A portion of 

1$ the surface of the reflecting element near the elec- 
tromagnetic device is coated with a ferromagnetic ma- 
terial (with a high magnetic permeability) to effect the 
attraction of the reflecting element to the electromag- 
netic moving means. In the absence of an applied 

20 electrical signal, the electromagnetic device Is dor- 
mant and the reflecting element is positioned so as to 
intercept and redirect optical signals (first, redirecting 
position). Upon the application of an etectrical signal 
to the electromagnet, a magnetic field Is created 

25 which isofasufficlentstrengttitoattractthefenromag- 
netic material on the reflecting element and move the 
element out of the optical s^nal patii (second, attrac- 
ted position) so as to allow the optical signals to pass 
through the switch unobstructed by the reflecting ele- 

30 ment 

As an additional feature of the present invention, 
a spring member may be positioned on tiie reflecting 
element to aid in securing the reflecting element in the 
redirecting position. The spring element is of a force 
35 which does not interfere with the operation of the mov- 
ing means, yet may speed tiie retom of the reflecting 
element to Ite redirecting position when the external 
signal is removed and the moving means is deacti- 
vated. 

40 An advantage of the activation mechanic of the 
present invention Is tiiat tiie mechanism is totally 
encased and may be tocated above (or b^ow) tiie set 
of optical waveguides such that no additional surface 
area beyond the substrate holding the waveguides Is 

45 required. 

Another advantege of tiie activation mechanism 
of tiie present invention Is ttiat tiie gap separating the 
reflecting element and the moving means may be 
made extremely small (e.g., on the order of 10 mils), 

50 so ttiat tiie force (and hence, the external dectrlo 
power) required to lift the reflecting element is 
reduced. The reduction in air gap size also serves to 
decrease the overall size of the switch. Further, a par- 
ticular embodiment of the present invention utilizes 

55 hous&ig for the moving means induding a number of 
support pins. The support pins are positioned so as to 
inherenfly pro^defor a well-defined, reprodudble and 
tighfly toleranced air gap separat&ig tiie two mem- 
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bers. 

Variotis other embodiment, features and advan- 
tages of the present invention w3) become apparent 
during the following discussion and by reference to 
the accompanying drawings. 

Brief DescripCon of the Drawing 

Refening now to the drawings, where like numer- 
als represent like parts in several views: 

RG. 1 niustrates a cutaway view of an exemplary 
optical switch utilizing an exernplary efectromag- 
net-based activation nrtechanism of the present 
invention; 

FIG. 2 Qiustrates in detail the substrate portion of 
an exemplary optical fiber switch which may 
utQIze the acthration mechanism of the present 
inventton; 

RG, 3 contains a detailed illustration of an exem- 
piary activation mechanism formed in accord- 
ance with the present invention; and 
RG. 4 contains a detailed aiustration of an exem- 
plary reflecting element formed in accordance 
with the present invention. 

Detailed Description 

In the general operation of the present invention, 
the reflecting element is positioned in the optical sig- 
nal path (first, redirecting position) so as to redirect 
signals between appropriate input and output optical 
waveguides. Upon the application of an extemal 
force, the reflecting element is removed finom the sig- 
nal path (second, attracted position) so that the optical 
waves propagate unobstaicted. 

The extemal force may be electrostatic, vacuum, 
magnetic, or any otiier type of force suftable for pro- 
viding nation of the reflecting element in response to 
an applied signal. 

An exemplary optical fiber switch 10 including an 
exemplary electromagnetic-based activation 
mechanism 12 of the present Invention Is illusbated in 
FIG. 1 . The portion of the switch holding the actual f&y 
ers. referred to as a switch substrate 13, is Olustrated 
more deariy in FIG. 2 and will be descn1>ed in detaO 
below. It Is to be understood that the use of the acti- 
vation mechanism of the present invention is not 
limited tofber-based optical switches, but is generally 
applicable to switch optical signals traveling along any 
type of optical waveguide* As used herein, the term 
'optical waveguide" is deemed to encompass not only 
integrated waveguides.fbrmed wittiin an optical sub- 
strate, but also optical fibers, or in general any media 
capable of supporting the transport of an optical sig- 
nal. Additionally, an exemplary switch utilizing the 
activation mechanism of the present Invention may 
use any desfired combination of q>tical fibers and inte- 
grated waveguides, it is to be noted that the following 



discussion describes a particular embodiment of the 
present invention which utilizes a magnetically-con- 
trolled activation mechanism. As discussed at)ove, 
otiier types of control arrangements (6.g., electro- 

5 static vacuum) may also be used. 

Returning to FIG. 1, switch 10 includes an acti- 
vation mechanism 12 which functions to move a ref- 
lecting element 14 out of Hs redirecting position upon 
application of an electrical signal. In particular, acti- 

10 vation mechanic 12 includes an electromagnet 16 
comprising a ferromagnetic core 1 8 and a wire coo 20 
which is wound around core 18. As is weQ known in 
the art the application of an eiectrical signal (i.e., volt- 
age) to coa 20 will create a magnetic field Intensity, 

15 denoted A, in the direction illustrated in FIG. 1 . 

At least a portion surface of reflecting element 14 
located in proximity to core 18 is coated witii a fer- 
romagnetic material 22 which will be attracted to core 
18 in the presence of tiie induced field H. As will be 

20 discussed below in association witii RG. 2, the mag- 
netic field functions to attract reflecting element 14, 
moving element 14 out of the optical signal patti. The 
attracted position of switch 10 is illustrated in RG. 1, 
where communication h unobstaicted between an 

25 incoming fiber 32 and an outgoing fiber 34. As can be 
seen by reference to FIG. 1, only the slightest raising 
Is required to effectively remove reflecting element 14 
from the signal path. 

A spring member 24, illustrated In FIG. 1 (shown 

30 more deariy in FIG. 4), may be used to maintain ref- 
lecting element 14 in the redirecting position and thus 
prevent "boundng* of element 14 in the absence of 
magnetic field Intensity H 0«e., applied voltage). As 
mentioned above, the spring force is such that reflect- 

35 Ing element 14 remains motionless in the redirecting 
position, yet is insufftdent to interfere with the oper- 
ation of electromagnet 1 6. 

In an alternative vacuum-controlled embodiment 
of the activation mechanism of the present Invention, 

40 ferromagnetic core 18 described above may be re|> 
laced by a hollow tube, connected to a vacuum 
source. Therefore, upon the activation of tiie vacuum 
source, tiie force of the vacuum will attract the reflect- 
ing element towards the hollow tube. 

45 In packaging activation medtanism 12 with 
swtch 10, the embodnment of RG. 1 aiustrates coil 20 
hestng wound on a bobbin 26, witii ferromagnetic core 
18 being positioned in a central opening through bot>- 
bin 26. As shown, bobbin 26 Indudes a set of pins 28 

so which serve to support bobbin 26 in a fixed and stable 
position above switch substrate 13. As mentioned 
above, the dhnenslons (height) of tiie pins will also 
serve to determine the air gap separating ferromag- 
netic core 18 and ferromagnetic material 22. Advan- 

55 tageously, the a^ gap wOl tiien be a well^ntroned 
and reprodudble quantity. A detailed Dhi^ratinfi of an 
exemr^ary electromagnet 16, induding bobbin 26, Is 
shown In RG. 3. As wOl be discussed in detafl 
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hereinafter, bobbin 26 may also be formed to Include 
the necessary electical connections between coQ 20 
and the external power supply. Bobbin 26 may be for- 
med of any suitable material, including sflioon, plastic 
orceramia 5 

An exemplary switch substrate 13 which may 
utilize the activation mechanism of the present inven- 
tion is illustrated in FIG. Z In this particular appli- 
cation, the swftch is utQized to connect a local user 
(refen^d to as a node) to a communication network. 
It is to be noted that there exist other uses for such a 
switch, such as in a laser sparing operation where It 
is desired to disconnect afirst signal source and con- 
nect a second signal source to an outgoing corrarmnl- 
catlon fiber. The activation mechanism of the present 
invention is not considered to be dependent upon the 
particular use of the fiber switch. For example, tiie 
activation mechanism of the present bwention may 
also be used witii a multiple switch anay, where large 
numbers of optical signals may be switched simd- 
taneously during a single operation of the activation 
means. Various ones of these different svMing 
embodiments are described in detaO In a copending 
application entitied "Radiation Switching Arrange- 
ment with Moving Deflective Bement*, Serial No. 
385,331 , filed July 25, 1 989, ass^ned to the assignee 
of tills invention and herein Incorporated by reference. 

In tiie particular embodiment illustrated in FIG. 2, 
a silicon substrate 30 is formed to hold a set of four 
fibers, including a fiber 32 which delivers the incoming 
optical signal through switch 1 0 to the node, a fiber 36 
which delh^ers tiie outgoing signal from the node to 
the network, a fiber 34 coupled to the receiver portion 
of the node, and a fiber 38 which is coupled to the 
transmit portion of the node. The following discussion 
will describe the two positions (redirecting and attrac- 
ted) of the exemplary swHch. For the particulsr dis- 
cussion, the redirecting position will be defined as the 
bypass state (where the node is removed from the 
network) and the attracted position wBI be defined as 
the active state (where the node Is in communication 
witfi the networiO. With respect to tiie bypass state, 
the reflecting element Is positioned as contrdled by 
the activation mechanism such thatthe lrKx>n^ng opti- 
cal signal will be intercepted and redirected into the 
outgoing fiber. Refenring to PIG. 2. tfie signal is ttnis 
redirected from Inoombig fiber 32 Into outgoing fiber 
36 by inserting a reflecting element 14 (e.g.. minor), 
as shown In phantom, in slot40 of substrate 30. Sepa- 
rate lendng elements may be used to maximizB tiie 
coupled power of tiie signal. In general, botti sides of 
element 14 upon which an optical signal may impinge 
contain a reflective coating. Therefoie, tiie signal exit- 
ing fiber 38 (from the node transmitting device) may 
also be redkected by reflecting element 14 into fiber 
34 associated witti ttie node recehnng device. Advan- 
tageously, the loopback of the toed signal may be 
used tiy tiie node to perform maintenance operations 



on its local communication system during bypass con- 
ditions. The configuration as described is defined as 
the "redirecting* or "bypass* state of the switch. In 
accordance with the teachings of the present inven- 
tion, it is preferred to utilize the unenergized state of 
the activation mechanism to define tiie bypass stats, 
since a power faQure at the node would thus automati- 
cally disconnect from tiie network. 

In most cases. It Is desired to have the node in 
communication with the networic in accordance with 
the teachings of the present invention, this active 
state of the switch is achieved by energizing the acti- 
vation mechanism so as to attract the reflecting ele- 
ment and remove it from the optical signal path. 
Referring to FIG. 2, if element 14 Is removed from the 
s^nal patii, the incoming s'^nal along fiber 32 will 
ttien be launched into fiber 34 which Is coupled to the 
node's recehrer. The node transmitter is then used to 
launch a message signal into transmit fiber 38 which, 
in the absence of element 14, will pass unobstructed 
into outgoing fiber 36. The signal from tiie node trans- 
mitter is then retumed via fiber 36 to the network. As 
mentioned atx>ve, a detailed description of the oper- 
ation of this particular switch may be had by reviewing 
tiie above-referenced application. With this expla- 
nation of tiie operation of switch 1 0, various compo- 
nents visible in RG. 1 may now be klentified, including 
incoming fiber 32, receiver fiber 34 and groove 40. 

An exemplary electromagnet 16 portion of an 
activation mechanism fDnmed in accordance wttii the 
present invention is illustrated in FIG. 3. For tiie sake 
of darity, outer housing 42 of FIG. 1 has been 
removed so ttiat the internal portfons of electromag- 
net 16 are deariy visible. As discussed at>ove, elec- 
tromagnet 16 is energized by an external power 
supply 50 so as to raise reflecting element 14 in tiie 
presence of a magnetic field. Qectromagnet 1 6 com- 
pises ferromagnetic core 18, for example, an iron 
alloy core, which is inserted through an opening in 
bobl>in 26. As mentioned above, bobbin 26 may com- 
prise any suitable material, plastic being considered 
as tiie most economical alternative. A number of pins 
28 may also be formed as part of t>obbin 26 and dis- 
posed as shown in RG. 3. Pins 28 are utilized to hold 
electromagnet 16 In a fixed position relative to tiie 
switch substrate such that the air gap separating ref- 
lecting elennent 14 and elecbromagn^ 16 is (»ecisely 
detennined. A return patii 44, comprising a sheet of 
ferromagnetic materia, is disposed as shown in FIG. 
3andfomfied tooontacttopfiace 17and approach (but 
not contact) bottom face 19 of core 18. The combi- 
nation of core 18^ fenomagnetic material 22 and 
return patii 44 thus forms a complete ferromagnetic 
loop. Coil 20 is wound, as ilustrated in FIG. 3, around 
bobbin 26 so as to endrde core 1 8. The wire forming 
coB 20 is attached, as shown, to a pair of electrical 
leads 46,48 for connection to external power supply 
50. 
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In o(>eration, when power supply 50 is turned on, 
the voltage V applied isetween leads 46 and 48 results 
in theflowof current through co3 20. As is well-known, 
the flow of a current In a coil wound around a fer- 
romagnetic nr^aterial wfll result in the creation of a s 
magnetic field, fliustrated as H. The strength of the 
magnetic field is thus a function of the level of the cur- 
rent, the number of iums of ooil 20, and the selected 
materials. 

RG. 4 illustrates an exemplary reflecting element io 
14. which with electron^gnet 16 of FIG. 3, fbnns an 
activation mechanism 12 as Qlustrated in FIG. 1 . Ref- 
em'ng to FIG. 4, reflecting element 14 Includes a mor- 
ror component 52 which performs the actual optical 
signal redirection. Mirror component 52 may comprise i$ 
a section of mirrored glass or, alternatively, a section 
of sHicon which has been processed to include suit- 
able reflecGve coatings. Various other types of com- 
ponents may be used to form mirror 5Z As shown, 
minror component 52 is attached to (or formed as an 20 
integral part oQ a support element 54 which is desig- 
ned to maintain mirror component 52 in the requnned 
position In the optical signal path. For the particular 
embodiment illustrated in FIG. 4, support element 54 
includes a pivot arm 56 which provides for movement 25 
of mirror component 52 In the illustrated direction 
upon activation of electromagnet 16. Support element 
54 may further include, In assodatlon with the switch 
substrate, a number of registration markers 58 to faci- 
litate alignment of reflecting element 14 with the 30 
smtdh substrate (not shown). A ferromagnetic ma- 
terial 22 is attached to top surface 60 of support ele- 
ment 54, as fliustrated in RG. 4, so as to be 
substantially undemeath the position of electromag- 
net 16 relative to element 54. The thickness and 3$ 
extent of noaterial 22 are sized according to many vari- 
ous design factors, including spring force, magnetic 
field intensity, switching time. etc. 

As mentioned above, reflecting element 14 may 
further comprise a spring member 24, positioned as 40 
shown wttii respect to element 14 to aid in securing 
reflecting element 14 within the slot (redirecting posi- 
tion) of theswiteh substrate (Htostrated in previous fig- 
ures). End 62 of spring 24 is fbced witiiin the housing 
(not shown) to provide the required rigklity. In oper- 4S 
ation, spring 24 Is used to apply a relatively light fcvce 
to top surface 60 of element 54, so as to maintain sup- 
port element 54 properiy aligned and reduce bounce, 
when electromagnet 16 is not activated. 

It Is to be understood that the above-described so 
ennbodimente are nierely Olustrative of tiie teachings 
of the present invention and should not be considered 
to limit tiid scope of tiie bventive activation mechan- 
ism. For example, the activation mechanism of the 
present invention may be utilized to provide switching ss 
between a plurality of separate optteal sfgnats, such 
as in a 3x3 swKch array as disclosed in the above- 
referenced copending application. Additionally, the 



activation mechanism of the present invention may t>e 
used to simultaneously move a number of separate 
reflecting eliements, each element associated with a 
different switch. Further, the switdi itself is not neces- 
sarily limited to a fiber-based arrangement, where the 
activation mechanism of the present invention may 
also be used with a switch comprising a number of 
waveguides formed in an optical substrate, where the 
reflecting element of the inventive activation mechan- 
ism is disposed in a groove in the optical substrate. 
t.astiy, as mentioned above, the switohing mechan- 
ism itself is not considered to be limited to electromag- 
net-based embddimente, where there exist otiier 
means which are capable of providing the sanie 
motion of the reflecting element relative to the swftch 
substrate. 



Claims 

1. In an optical switch utilizing a reflecting element 
to redirect optical signals between a numt>er of 
different communication paths, an activation 
mechanism for providing the redirection of optical 
s^nals, 

CHARACTERIZED IN THAT 
tiie activation mechanism (e.g., 12) com- 
prises 

a reflecting element (e.g., 14) for directing 
signals when disposed In a first position and for 
passing s^nals when in a second position; and 

movir^ means (e.g., 16) disposed in dose 
proxmiity to the reflecting element and separated 
therefrom by a distance sufficient to allow tfie ref- 
lecting element to be moved outof tiie optical sig- 
. nal path upon activation of the moving means. 

2. An optical switch as defined in claim 1 wherein the 
activation mechanism nioving means comprises 
eledromagnetic means (e.g., 16, 20) capable of 
attracting the reflecting element for provkJing the 
second position of said switch, said reflecting ele- 
ment further comprising a coating of ferromagne- 
tic material (e.g., 22) disposed in proximity to the 
electromagnetic device. 

3. Anoi>ficalswitchasdelinedlncia{m2wheielnthe 
activation mechanism electromagnetic means 
comprises 

a bobbin (e.g., 26) including a hollow core 
region; 

a wire con (e.g., 20) wound around ttie 
bobbin, the cdl including a sufffdent number of 
tums to provkle tiie desired magnetic field; 

a ferromagnetic core (ag., 18) disposed 
witfiln the hollow core region of the bobbin, the 
core defined as having first and second endfaces 
fonnfied to be relatively flush with the bobbin; 
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a fsnomagnetic return path (e^^ 44) sur- 
rounding a portion of ttie bobbin so as to contact 
the first endface of the core; and 

electrical connection means (e.g., 46, 48) 
coupled to the first and second ends of the wire 
coil for connecting the wire coil to an external 
power supply. 

4. AnopttcalswitohasdefinedtnclaimSwhereinthe 
bobbin further includes a plurality of pins (e.g., 28) 
for supporting the electromagnetic means a pre- 
detem)ined dtetance above the reflecting ele- 
ment, or comprises plastic material 

5. An optical switch as defined in daim 3, wherein 
the fenomagnetic core and ferromagnetic return 
path comprise an iron alloy. 

6. An optical switch as defined in claim2 wherein the 
activation mechanism reflecting element com- 
prises: 

a mirror (e.g., 52) for providing the optical 
signal redirection path; and 

a minorsupport element (e.g., 54)fbr hold- 
ing ttie mirror In the optical signal redirection path; 
and 

a femxnagnetic coating (e.g., 22) dis- 
posed on said reflecting element so as to be 
located underneath the electromagnet 

7. An optical switch as defined in daim 1 or 6 whe- 
rein the acthratibn mechanism reflecting element 
lurtiier comprises a pivot arm (e.g^ 56) for con- 
trolling tiie motion of said reflecting element; or 

further comprises a plurality of registration 
maricers (e.g., 58) for facilitating alignment of said 
reflecting element wth the communicatibn paths; 
or 

further comprises a spring member (e.g., 
24) capable of maintaining the minor in a fbced 
location in the optical signal redirecting position, 
the spring force being insuffident to negate the 
attraction of ttie electromagnetic means; or 

conrqirises a single reflecting component; 

or 

a plurality of reflecting components simul- 
taneously activated the moving means. 

8. An optical switch as defined in daim 1 wherein the 
activation mechanism further comprises a 
plurality of pins for supporting the moving means 
a predetermined distance above the leReding 
element 

9. An optical switch as defined in daim 1 wherein tfie 
activation mechanism reflecting element further 
comprises 

a mliror fbr providing the opticai signal 



redirection path; 
and 

a mirror support element for holding the 
mirror In ttte optical s^nal redirection path. 

10. An optical switch as defined in daim 8, wherein 
the mirns- support element comprtees slioon. 
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